Abstract. Golgi phosphoprotein 3 (GOLPH3) has recently been implicated as an oncogene involved in the development of carcinoma in a number of organs. The expression of GOLPH3 in prostate cancer (PCa) tissues was investigated in the present study. Human PC-3 and LNCaP PCa cell lines were analyzed in order to assess whether silencing of GOLPH3 expression affects cell vitality, migration and invasion, in vitro. An immunohistochemistry analysis was performed in order to measure the expression of GOLPH3 in samples from 117 patients with PCa and from 50 patients with benign prostatic hyperplasia (BPH). Associations between GOLPH3 expression and clinicopathological parameters, such as overall survival, were assessed. GOLPH3 expression was shown to be significantly greater in PCa tissues than in BPH tissues. GOLPH3 expression was positively correlated with Gleason score (P=0.031), tumor stage (T stage; P=0.020) and lymph node status (P=0.013), in patients with PCa. Biochemical recurrence-free survival (serum prostate-specific antigen-based) and overall survival, were reduced in patients with GOLPH3-positive PCa. A multivariate analysis indicated that GOLPH3 expression was an independent predictor of biochemical recurrence-free survival [hazard ratio (HR), 2.943; 95% confidence interval (CI), 1.190-5.521; P=0.028], and of overall survival (HR, 4.371; 95% CI, P=0.014). Transfection with GOLPH3-targeted small interfering RNA reduced the capability of PC-3 and LNCaP cell lines to proliferate, migrate and invade in vitro, compared with the controls. The level of GOLPH3 expression in radical prostatectomy samples may be useful for predicting biochemical recurrence-free survival and overall survival in patients with PCa.
University (Jinan, China). Patients had undergone radical prostatectomy between January 1999-2012. The control resections were obtained from patients with benign prostatic hyperplasia (BPH), comprising 50 age-matched patients examined during the same period. Samples were resected from areas of invasive adenocarcinoma, which had been pathologically identified according to a hematoxylin and eosin staining pattern. Tumor grade and clinical stage of the samples were assessed according to the 2002 TNM classification and the Gleason system (16) .
Follow-up. Serum prostate-specific antigen (PSA) levels were evaluated postoperatively every three months during the first year, every six months from the second to the fifth year, and then annually from the sixth year. Follow-up data were obtained by consulting medical records held by the hospital and the departmental database of patients with PCa, and by contacting the patients or their family members. Biochemical recurrence was defined as a sustained elevation of the total serum PSA level (>0.2 ng/ml) on ≥2 occasions. The biochemical recurrence date was recorded as the time that the first value was >0.2 ng/ml. Follow-up time ranged from 6 to 171 months. Patients provided informed consent. The present study was approved by the Jinan Central Hospital of Shandong University Ethical Committee (Jinan, China).
Immunohistochemistry analysis. Tissue sections (5 µm) were deparaffinized, hydrated and incubated in water with 3% H 2 O 2 (Sinopharm Chemical Reagent Co., Ltd., Beijing, China) for 30 min in order to destroy endogenous peroxidases. Antigen retrieval was performed by immersing sections in 10 mM citrate buffer (pH 6.0; Sinopharm Chemical Reagent Co., Ltd.) and heating in a microwave for 30 min at 95˚C. Non-specific binding to sections was blocked with normal goat serum [5% (Jackson ImmunoResearch Labs, Inc., West Grove, PA, USA) in phosphate-buffered saline (Sinopharm Chemical Reagent Co., Ltd.)] for 1 h. Subsequently, the cells were incubated with a polyclonal rabbit GOLPH3 antibody (1:100; ab91492; Abcam, Cambridge, MA, USA) overnight, at 4˚C. For the negative control, 5% normal goat serum without a primary antibody was used. Staining was detected using a polyclonal secondary horseradish peroxidase-conjugated rabbit IgG antibody (1:2,000; ab6721; Abcam) followed by hematoxylin counter-staining. Positive staining was defined as brown oxidized 3,3'-diaminobenzidine in cellular compartments, without background signal. The stained sections were evaluated by two pathologists, unaware of patient clinical information, using light microscopy (SZ51; Olympus, Tokyo, Japan). Immunostaining scores for GOLPH3 were determined using a numeric intensity score of 0-3: 0, no staining; 1 +, weak staining; 2 +, moderate staining and 3 +, strong staining. Staining was also dichotomized into negative and positive. Negative was scored if 0 or 1+ and positive was scored if 2+ or 3+.
Cell culture and small interfering RNA (siRNA) transfection. PC-3 and LNCaP human PCa cell lines were purchased from the American Type Culture Collection (ATCC; Manassas, VA, USA). Cells were cultured in an RPMI1640 medium, supplemented with 10% fetal bovine serum (HyClone Laboratories, Inc., Logan, UT, USA) in 5% CO 2 , at 37˚C. Western blot analysis. Total protein was extracted from cultured cells. Equal amounts of protein (60 µg) were subjected to electrophoresis using a 10% SDS-polyacrylamide gel (Jackson ImmunoResearch Labs, Inc.) then transferred to polyvinylidene difluoride membranes (EMD Millipore, Billerica, MA, USA). Non-specific binding to membranes was blocked using 5% non-fat milk prior to incubation with polyclonal rabbit anti-GOLPH3 (1:1,000; ab91492; CA, Abcam) or monoclonal rabbit anti-GAPDH antibodies (1:2,000; ab181602; Abcam) overnight, at 4˚C. The membranes were washed and incubated with specific peroxidase-conjugated secondary antibodies. Specific proteins were detected using an enhanced chemiluminescence system (Thermo Fisher Scientific, Inc., Waltham, MA, USA).
Cell vitality, migration and invasion assays. The effect of transfection on cell growth was determined by seeding 4,000 cells/well into a 96-well plate and counting cell numbers 5 days later using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide reagent (MTT; Sigma-Aldrich, St. Louis, MO, USA), according to the manufacturer's instructions. The cell migratory and invasive capability levels were measured using Transwell assays. Transfected cells (1x10 4 ; in fetal bovine serum-free medium) were plated in the upper chambers of a Transwell plate (Corning Life Sciences, Union City, CA, USA). Lower chambers were filled with a medium supplemented with 10% fetal bovine serum. Cell invasion assays were performed similar to the cell growth assays. However, the Transwell membranes were coated with Matrigel ® (Sinopharm Chemical Reagent Co., Ltd.), prior to adding the cells. At 24 h, cells were removed from the upper chambers by swabbing, and those that had moved into the lower chambers were fixed with 4% paraformaldehyde and then stained with 0.1% crystal violet (both from Sinopharm Chemical Reagent Co., Ltd.). The number of cells in five independent fields of view for each well was recorded and photographed.
Statistical analysis. A χ
2 test was performed in order to analyze the association between GOLPH3 expression and clinicopathological features of the patients with PCa. Survival data were evaluated using the Kaplan-Meier method and the log-rank test. Clinical parameters were analyzed using univariate and multivariate Cox proportional hazards models in SPSS version 16.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Associations between GOLPH3 expression and clinical parameters in patients with PCa. GOLPH3 protein expression was assessed immunohistochemically in 117 tissues from patients with PCa and in 50 BPH tissues from age-matched controls. As shown in Table I , 54 of the 117 PCa tissues (56%) were classified as GOLPH3-positive (Fig. 1) . Analyses of associations between GOLPH3 expression and clinical and prognostic parameters, shown in Table I , demonstrated that GOLPH3 expression was positively correlated with Gleason score (P=0.031), T stage (P=0.020) and lymph node status (P=0.013).
Association between GOLPH3 expression and patient survival.
Results of the Kaplan-Meier and log rank tests suggested that GOLPH3-positive patients exhibited a shorter biochemical recurrence-free survival time compared with GOLPH3-negative patients ( Fig. 2A) . GOLPH3-positive patients also demonstrated significantly shorter overall survival rates (Fig. 2B) .
Univariate and multivariate analyses suggested that positive GOLPH3 expression was significantly correlated with poorer biochemical recurrence-free survival [ 
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Silencing of GOLPH3 reduces proliferation, migration and invasion of PCa cells in vitro.
Western blot analysis demonstrated that transfection with GOLPH3-siRNA knocked down GOLPH3 protein expression (Fig. 3A) , and MTT assays suggested that the increase in PC-3 and LNCaP cell numbers over five days were significantly reduced following transfection with GOLPH3-siRNA ( Fig. 3B and C) . Cell migration assays (Fig. 4A) demonstrated that GOLPH3-siRNA transfection significantly reduced the migratory capability of PC-3 and LNCaP cell lines, compared with that in cells transfected with the control siRNA. Furthermore, cell invasion was significantly lower in GOLPH3-siRNA-transfected cell, compared with that in the control siRNA-transfected cells (Fig. 4B) . These results indicated that GOLPH3 expression may induce PCa cell proliferation, migration and invasion.
Discussion
To the best of our knowledge, the association between GOLPH3 and PCa progression has yet to be investigated. In the present study, positive GOLPH3 expression was observed in 56% of PCa tissues compared with 6% of BPH tissues. In addition, positive GOLPH3 was significantly correlated with impaired biochemical recurrence-free survival and overall survival. Further analysis indicated that GOLPH3 expression is a potential independent factor indicating a poor prognosis in patients with PCa.
The gene encoding GOLPH3 in humans is located on chromosome 5p13 and is expressed in several solid tumor types, including carcinoma of the lung, ovary, breast and skin (10) . However, the association between GOLPH3 expression and PCa remains largely unknown. Recent studies have indicated that overexpression of GOLPH3 promotes tumorigenesis and progression in a number of types of malignancies, and is associated with poor survival in patients with cancer. GOLPH3 expression was shown to be present in >50% of the 76 patients with glioma who were studied, and GOLPH3 expression levels were associated with the severity of the tumor, with higher GOLPH3 expression levels observed in higher grade astrocytomas (12) . GOLPH3 overexpression is associated with poor prognosis in cN0 oral tongue cancer patients and may represent a novel and useful prognostic indicator for cN0 oral tongue cancer (17) . The results of a study using cultured glioblastoma multiforme cell lines, suggested that the downregulation of GOLPH3, using an siRNA, led to the suppression of cell proliferation and clonogenic growth. These observations are in accordance with the findings of an association between high levels of GOLPH3 expression and a poor prognosis in patients with glioblastoma multiforme (18) . Markedly higher levels of mRNA and protein GOLPH3 expression were observed in esophageal squamous cell cancer (ESCC) cell lines and tissues, compared with control cells (19) . Expression of GOLPH3 in patients with ESCC was found to be positively associated with clinical stage, TNM classification and histological differentiation. Furthermore, expression of GOLPH3 is an independent prognostic factor for patients with ESCC (20) . In gastric cancer, expression levels of GOLPH3 were found to be positively associated with tumor size, histological grade, depth of invasion, lymph node metastasis, distant metastasis and TNM stage. In a multivariate analysis the level of GOLPH3 expression was an independent prognostic factor for patients with gastric cancer following radical resection (21) . In accordance with these findings, the results of the present study suggested that increased positive GOLPH3 staining was observed in PCa tissues compared with that in non-PCa tissues. Furthermore, a positive GOLPH3 staining result was positively associated with Gleason score, T stage and lymph node status. Patients with positive GOLPH3 expression exhibited shorter biochemical recurrence-free, and overall survival. Furthermore, multivariate analyses suggested that GOLPH3 expression was an independent indicator of both biochemical recurrence-free and overall survival. Silencing of GOLPH3 expression inhibited the proliferation, migration and invasion capabilities of PC-3 and LNCaP cell lines.
In conclusion, the results of the present study suggested that GOLPH3 is involved in the proliferation, migration and invasion of PCa cells. Therefore, GOLPH3 may provide a novel prognostic marker for patients with PCa who have undergone radical prostatectomy.
